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Abstract 
Enterprise resource planning (ERP) solutions have been implemented in most companies recently, but it seems that the 
companies who use ERP solutions are unable to point out the most important contributions of their ERP systems. One of the 
reasons for this might be that users do not accept and use the ERP solution properly. The technological acceptance model 
(TAM) proposed by Davis (1989) has been the most widely used model for researching user acceptance and usage of IT/IS. 
Although our research is not the first to apply TAM to an ERP context, we aim to make additional contributions to the 
existing body of literature. First, we focus on ERP system use in companies’ maturity phase. Second, we expose and 
examine three groups of external factors which influence ERP usage. The model was empirically tested using data collected 
from a survey of ERP users in 44 organizations. For analysis PLS was used. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
CENTERIS/ProjMAN/HCIST. 
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1. Introduction 
Enterprise resource planning (ERP) solutions have been implemented in most organizations recently, but it 
seems that these companies are unable to point out the most important contributions of their ERP systems. 
Supposedly, the use of ERP solutions significantly reduces the time to complete business processes and helps 
organizations share information [1] generally offer a better work environment for their users as they are given a 
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more efficient system with which to work. However, instead, ERP systems have been plagued with high failure 
rates and an inability to realize the promised benefits [2]. Much of the success of ERP implementation lies in 
the operational phase of the ERP lifecycle. After the stabilization stage, which is the time from going live to 
about 30 to 90 days after, or until the number of issues and problems has been reduced to a small, manageable 
number, companies enter a maturity stage during which time they should put more effort into people and 
process improvements [3]. In this stage, users accept the system, and the usage becomes a regular day-to-day 
activity. It often takes many months or even years for experienced users to become comfortable with the ERP 
system. However, at some point in the ERP system’s life, users begin to see its advantages and they then begin 
to explore its functions, gradually reaching success. This process demonstrates that ERP users have accepted 
the ERP system and are putting it to extended use. The impact of ERP systems on users and their acceptance 
have been recognized as key factors of ERP implementation success.  
To improve the efficiency and effectiveness of ERP system use, organizations need to research the factors 
that impact user satisfaction. In this area, the technological acceptance model (TAM) is one of the most widely 
used models for explaining the behavioral intention and actual usage and can improve our understanding of 
how influence on actual usage could help increase efficiency and effectiveness of ERP system use [4]. A review 
of the literature indicates that, in recent years, only a few studies examining users’ adoption of ERP systems 
through TAM have been published (for the latest research, see [1], [4], [5], [6], [7]). However, all of them 
examine a few contextual factors that influence the intention to use an ERP system or ERP use in the 
stabilization stage. In addition, very few studies have been conducted regarding technology acceptance of ERP 
systems, especially those dealing with autonomous ERP users (i.e., [6]). Through their scientific work, 
researchers have recognized that the generality of TAM and their research of small numbers of additional 
factors that impact TAM fail to supply more meaningful information on users’ opinions about a specific 
system—especially an ERP system, which is considered a strategic IS in organizations. Therefore, the need 
exists to incorporate additional factors or integrate it with other IT acceptance models for improvement of its 
specificity and explanatory utility (i.e., [8], [9]).  
The purpose of this paper is to extend the original TAM with groups of external factors which impact actual 
ERP system use. Survey data have been collected from ERP users who have been exposed to an ERP system 
which has operated for more than one year. The proposed research model is analyzed using the PLS approach. 
The rest of this paper is organized as follows: a literature review, an enterprise resource acceptance model, 
methodology, results and analysis, discussion, and then the conclusion. 
2. Literature Review 
2.1. Technological Acceptance Model (TAM) 
Several theoretical models have been used to investigate the determinants of acceptance and use of new 
information technology (IT), such as the theory of reasoned action (TRA; [10]), the theory of planned 
behaviour (TPB; [11]), and the theory of the technology acceptance model (TAM; [12]). Compared to 
competing models, TAM is believed to be more parsimonious, predicative, and robust ([9],[13],[14]); 
consequently, among the theoretical models, it is the most widely used by IS/IT researchers ([1], [12], [15], 
[16]). The key purpose of TAM is to provide a basis for tracing the impact of external factors on internal 
beliefs, attitudes, and intentions [12].  
TAM posits that two beliefs—perceived usefulness (PU) and perceived ease of use (PEOU)—are of primary 
relevance for computer acceptance behavior [12]. PU is defined as ‘the degree to which a person believes that 
using a particular system would enhance his or her job performance’ ([16], p. 320). In contrast, PEOU refers to 
‘the degree to which a person believes that using a particular system would be free of effort’ ([16], p. 320). The 
two central hypotheses in TAM state that PU and PEOU positively influence an individual’s attitude towards 
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using a new technology (AT), which in turn influences his or her behavioral intention (BI) to use it. Finally, 
intention is positively related to actual use (AU). TAM also predicts that PEOU influences PU; as Davis et al. 
([12], p. 987) explained, ‘effort saved due to improved perceived ease of use may be redeployed, enabling a 
person to accomplish more work for the same effort’. 
2.2. TAM and ERP systems 
A review of past ERP studies regarding TAM indicates that few studies have investigated ERP user 
acceptance and usage, and only a small number of articles have been published. Furthermore, all of them 
expose small numbers of external factors which could influence ERP acceptance and usage in different phases 
of an ERP system lifecycle (see Table 1). As several studies (i.e., [17], [18]) have revealed, a common reason 
for ERP failures can be attributed to users’ reluctance and unwillingness to adopt and use the implemented ERP 
system. A better understanding of the factors leading ERP users’ acceptance of ERP systems is necessary to 
facilitate successful ERP usage [17]. In the current study, we aim to identify factors leading users to better use 
of their ERP system. Thus, the goal of our research is to expand the basic TAM with more generic contextual 
factors and examine their influence on perceived ERP usefulness and perceived ERP ease of use. Studying the 
influence of external factors on constructs not only contributes to the theory development, but also helps in 
designing interventional programs for organizations. 
Table 1. ERP Literature on TAM 
Focus Phase–ERP system lifecycle 
They examined factor organisational support (formal and informal) on original TAM factors [1]. Post-implementation 
They examined the formation of readiness for change (enhanced by two factors: organisational 
commitment and perceived personal competence) and its effect on the perceived technological value of an 
ERP system leading to its use [2]. 
Post-implementation 
(stabilization stage) 
Their study attempted to explain behavioural intention and actual use through incorporated additional 
behavioural constructs: top management support, computer self-efficacy, and computer anxiety [4].  
Post-implementation  
(maturity stage) 
They examined factors (subjective norms, compatibility, gender, experience, and education level) that 
affect users’ behavioural intention to use an ERP system based on potential ERP users at one 
manufacturing organisation [5]. 
Implementation 
They extended IT usage models to include the role of ERP’s perceived work compatibility in users’ ERP 
usage intention, usage, and performance in work settings [6].  
Post-implementation  
(maturity stage) 
They researched impact of PEOU, result demonstrability, and subjective norm on PU and impact of it on 
usage behaviour [7]. 
Post-implementation 
(stabilization stage) 
They tested the impact of four cognitive constructors (PU, PEOU, perceived compatibility, and perceived 
fit) on attitude toward using ERP system and symbolic adoption [14]. 
Post-implementation 
(stabilization phase) 
Their study evaluated the impact of one belief construct (shared beliefs in the benefits of a technology) and 
two technology success factors (training and communications) on PU and PEOU in one global organisation 
[15]. 
Implementation  
They researched student readiness for change (through gender, computer self-efficacy, and perceived 
benefits of ERP) on behavioural intention regarding ERP implementation [19]. 
Implementation 
They investigated via case studies the relationship between training satisfaction and the PEOU, the PU, 
effectiveness, and efficiency in implementing an ERP system at a mid-sized university [20]. 
Implementation 
They researched the impact of PU and PEOU on extended use [21].   Post-implementation  
(maturity stage) 
They developed a research model based on TAM for testing the influence of the critical success factors (top 
management support, communication, cooperation, training, and technological complexity) on ERP 
implementation [22]. 
Implementation 
They extended TAM to research the selection of ERP by organisations using factors: impact of system 
quality, information quality, service quality, and support quality as key determinants of cognitive response 
as well as which ERP system to purchase/use [23].  
Selection 
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2.3. External factors 
Research efforts have been devoted to extend the theory by examining the antecedents of PU and PEOU. As 
noted by Venkatesh and Davis, a better understanding of these factors would enable us to design effective 
organizational interventions that might lead to increased user acceptance and use of new IT systems [14]. Over 
the last two decades, substantial empirical support has emerged in favor of TAM (see [24]). Although TAM is a 
model applicable to a variety of technologies, the constructs of TAM need to be extended by incorporating 
additional factors [5]. Schwarz reviewed identified antecedents to cognitive factors (PEOU and PU) and 
categorized the factors into three groups: individual variable (such as computer experience, self-efficacy, and 
prior experiences), organizational influences (such as management and external support and perceived 
resources), and technology characteristics (such as accessibility of the medium and interface type) [25]. 
Meanwhile, Venkatesh and Bala exposed four different types of determinants of PU and PEOU: individual 
differences, system characteristics, social influence, and facilitating conditions [24]. In the context of ERP 
systems, in prior research we exposed that external factors include three groups of factors: personal 
characteristics and information literacy (PCIL), system and technological characteristics (STC), and 
organizational-process characteristics (OPC).  
Personal characteristics and information literacy (PCIL) includes personality characteristics that can 
influence individuals’ perceptions of ERP system acceptance and usage. PCIL factors include:  
x Experience with computer is a determinant factor of behavior and has been found to be important factor for 
the acceptance of a technology [5]. 
x Computer self-efficiency is defined as the degree to which an individual believes that he or she has the 
ability to perform a specific task/job using the computer ([4], [24]).  
x Personal innovativeness toward IT. According to the innovation diffusion theory [26], people react 
differently to a new idea, practice, or object due to their differences in individual innovativeness, a 
predisposed tendency toward adopting an innovation. Personal innovativeness toward IT represents the 
degree to which an individual is willing to try out a new IT [8]).  
x Computer anxiety represents degree of “an individual’s apprehension, or even fear, when she/he is faced 
with the possibility of using computers” ([14], p. 349). Individuals with lower anxiety are much more likely 
to interact with computers than people with higher anxiety [4]. 
In contrast to most IT implementation research, the fact that ERP implementation research is focused on one 
technology has enabled the effect of specific technological characteristics to be examined. A lack of attention to 
system and technological characteristics is a serious deficiency in most IT implementation research. We have 
not found any research that has examined system and technology characteristics (SCT) upon the ERP system 
user acceptance. Surveying different studies of external factors has exposed:  
x Data quality. ERP provides easy access to corporate data, but if the data are inaccurate or irrelevant to the 
business processes in the subunit, there will be few benefits. Thus, without accurate and relevant data, an 
organization is severely constrained in the coordination and task efficiency benefits it can achieve from its 
ERP system [27]. 
x ERP system functionality. System functions are used to measure the rapid response, stability, easy usage, 
and flexibility of the ERP system [28]. 
x ERP system performance refers to the degree to which a person believes that a system is reliable and 
responsive during a normal course of operations [15]. 
x User manuals (help) refer to the degree to which an ERP users views inadequate users manuals and help as 
the reason for one’s unsuccessful ERP performance [29]. 
Organizational-process characteristics (OPCs) capture various social processes and mechanisms and support 
organizations that guide individuals to facilitate the use of an ERP system. OPCs include:  
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x Social influence which joins two factors: subjective norm and social factors. Subjective norm is defined ‘as 
a person’s perception that most people who are important to him/her think that he/she should or should not 
perform the behavior in question’ [30]. Social factors are ‘individual‘s internalization of the reference 
group’s subjective culture, and specific interpersonal agreements that the individual has made with others in 
specific social situations’ [31]. 
x Fit with business processes. ERP packages are built around best practices in specific industries [32]. But the 
software may not necessarily fit the operating practices of an adopting organization. Nah et al. defined 
perceived fit from an end-user’s perspective as the degree to which the ERP system is perceived by a user to 
meet his/her organization’s needs [17].  
x Training and education on ERP system is an important component in ERP implementation projects and is 
recommended before, during, and after implementation [22]. Training and education on an ERP system are 
defined as the degree to which the user thinks that he/she has had enough formal and informal training after 
ERP implementation. 
x ERP support. In an ERP system environment, if the organization provides sufficient support to ERP users 
for their tasks, they are more likely to enjoy their work and improve their performance through usage of the 
ERP system [1]. ERP support is defined as the degree to which an individual views adequate ERP support as 
the reason for his or her successful ERP usage.  
x ERP communication problems refer to the lack of communication regarding the ERP applications and their 
modifications [29]. As a result, ERP communications has been defined as the degree to which an individual 
views sufficient communication regarding the ERP system as the reason for his or her successful ERP usage. 
In summary, because of the high rate of ERP implementation failure, more research in the area of 
technological acceptance is needed [7]. The original TAM is well established and tested; furthermore, a variety 
of extensions have been developed in different IT environments. Regardless of ERP complexity and ERP 
implementation failure, very few studies have been conducted regarding technology acceptance, especially with 
regard to more external factors of ERP usefulness and ERP ease of use. Our study will contribute to the body of 
knowledge in this specific area. 
3. Enterprise Resource Acceptance Model 
To examine ERP users’ use of ERP systems, we need to extend the TAM model. Synthesizing prior research 
on TAM and research on ERP systems, a conceptual model that represents the cumulative body of knowledge 
from TAM and ERP research over the years has been developed (see Figure 1). The grey area within the dotted 
line denotes the original TAM. Because our research is focused on a group of external factors which influence 
the current usage of ERP system in the routine stage, there is no need to examine the behavioural intention on 
use and actual use; thus, behavioural intention and actual use were dropped from purposed research model.  
According to Davis perceived ease of use influences perceived usefulness while both perceived usefulness 
and perceived ease of use influence attitude toward using the system [16]. Therefore, the following hypotheses 
were proposed. 
H1: Perceived ERP ease of use (PEOU) has positive and direct effect on perceived ERP usefulness (PU). 
H2: Perceived ERP ease of use (PEOU) has positive and direct effect on attitude toward ERP system (AT). 
H3: Perceived ERP usefulness (PU) has positive and direct effect on attitude toward ERP system (AT). 
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Fig. 1. Conceptual Model 
The problem of TAM research is that most researchers investigate small numbers of external factors that 
influence user acceptance and usage. In the context of ERP systems, more external factors exist that can 
influence users’ acceptance. Thus, the conceptualization of higher-order factors (in our case second-order 
factors), in which more external factors jointly have to be included, have to be investigated if we want to 
extend our understanding of user behavior in ERP settings. On that presumption we hypothesize: 
H4: A group of external factors influence use of the ERP system through the conceptual factor personal 
characteristics and information literacy (PCIL). 
H5: A group of external factors influence use of the ERP system through the conceptual factor system and 
technological characteristics (STC).  
H6: A group of external factors influence use of the ERP system through the conceptual factor 
organizational-process characteristics (OPC). 
4. Research Methodology and Results 
4.1. Research methodology 
We tested our hypotheses empirically using a field survey of users of ERP systems in the maturity stage. 
Organizations were selected using two criteria: (1) the organizations must have implemented one of the two 
most popular global ERP solutions in Slovenia: SAP or Microsoft Dynamics; and (2) the organizations must 
have used the ERP system for more than one year at the time of the study. The initial e-mail explaining the 
purpose of the study was sent to a total of 122 companies. Each organization was required to verify that it 
matched our selection criteria; 44 organizations agreed to participate in the survey and were asked to distribute 
the survey questionnaire to their ERP users. All respondents were required to have used an ERP system in their 
daily work. Ultimately, 293 questionnaires were properly filled out by respondents and used for the purpose of 
analysis.  
The constructs of the purposed model—perceived ERP usefulness, perceived ERP ease of use, and attitude 
toward ERP use for basic TAM of ERP systems—are influenced by constructs of external variables. The 
constructs of external variables are distributed among three second-level constructs: personal characteristics 
and information literacy (PCIL), system and technological characteristics (STC), and organizational-process 
characteristics (OPC). PCIL includes experience with computer, computer self-efficiency, personal 
innovativeness toward IT, and computer anxiety. STC includes ERP data quality, ERP system functionality, 
ERP system performance, and user manuals (help). OPC includes social influence, fit with business processes, 
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ERP training and education, ERP support, and ERP communication. Thus, our model includes 17 first-order 
factors and 3 second-order factors.  
All the items of factors were measured on a 7-point Likert scale, ranging from ‘strongly disagree’ to 
‘strongly agree’; the scale was adopted from relevant prior research and adapted to relate to the context of ERP 
usage. In addition, demographic information was collected. The instrument was pilot tested with a group of 30 
ERP users in one organization. Based on the results of the pilot testing, revisions and additions were made to 
the instrument. Pilot participants were included in the main data gathering effort since they were part of the 
population of interest.  
Models, which include second-order factors, consist of higher-order factors that are modeled as causally 
impacting a number of first-order factors (i.e., standard factors with measured indicators; [33]). Therefore, 
these second-order factors are not directly connected to any measurement items. The partial least squares (PLS) 
approach allows the conceptualization of higher-order factors by repeated use of manifest variables [34]. The 
empirical data were analyzed in two stages involving a PLS technique, using Smart PLS 2.0 M3 [35]. In the 
first stage, all measurement scales were examined for their psychometric properties; the second stage focused 
on hypothesis testing and analysis. Path significance was estimated using bootstrapping resampling techniques 
with 500 sub-samples. Detailed results and analyses can be obtained from the authors. 
4.2. Results 
As previously indicated, 293 questionnaires were properly filled out by respondents from 44 organizations 
and used for the analysis. Survey respondents represented different groups of industries, including IT and 
telecommunications (44.0%), manufacturing (35.2%), professional, scientific and technical activities (10.2%), 
wholesale and retail trade (4.1%), and others (6.5%). Respondents were 51.5% male and 48.5% female. Most 
(67.2%) had a high school education or more. More than half (53.6%; 157 respondents) indicated that they 
were workers (experts and other employees); others indicated low management (e.g. ,manager of group or 
organization unit), middle management (e.g., CIO) or corporate government and/or top management. The 
average total working years was 15.4 years, and average working years at their current workplace was 7.6 
years. The ERP system had been used for 4.73 years, on average. The final version of model is presented in 
Figure 2. Because all of the external factors did not meet assessment requirements of the measurement model, 
we excluded them from further analysis. These external factors included computer self-efficacy and experience 
with computer from PCIL group, ERP functionality from STC group and ERP support, ERP communications 
and ERP training, and education from OPC group (dotted shapes in Figure 2).  
Empirical research has shown support for original relationships of TAM in ERP settings in the routine stage 
(for example, see [1], [4], [6], [21]). As shown in Figure 2, our research confirms their results of the influence 
of perceived ERP ease of use (PEOU) and perceived ERP usefulness (PU) on attitude toward using ERP 
system (hypotheses H2 and H3) as well as influence of perceived ERP ease of use (PEOU) on perceived ERP 
usefulness (PU) (hypotheses H1).  
Figure 2 also indicates that the loadings of the first-order factors on the second-order factors exceed 0.7, and 
second-order factors have significant positive effect on ERP usefulness and on ERP ease of use. PCIL has a 
weak but significant positive effect on ERP ease of use (b = 0.11, p<0.05); STC has a strong positive effect on 
perceived ERP ease of use (b = 0.61. p<0.01), and OPC has a strong positive effect on perceived ERP 
usefulness (b = 0.45. p<0.01). These findings provide empirical support for hypotheses H4, H5, and H6. 
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Fig. 2. Results of structural model analysisa  
a Path significance: ** p < 0.01, * p < 0.05, n.s. = not significant (shapes are marked dotted). 
5. Discussion 
Based on the analytical results, this study found that it is possible to observe more external factors through 
second-order factors. In the maturity stage, external factors’ personal innovativeness and computer anxiety, 
through second-order factor personal characteristics and information literacy (PCIL), influence perceived ERP 
ease of use. Meanwhile, the external factors self-efficacy and computer experience were not significant.  
In contrast to most IT implementation research, the fact that ERP implementation research is focused on one 
technology has enabled the effect of specific technological characteristics to be examined. We have not found 
any research which has examined the effects of system and technology characteristics (SCT) upon the ERP 
system’s user acceptance. System and technological characteristics data quality, system performance, and user 
manuals have a strong impact on perceived ERP ease of use whereas ERP functionality was not statistical 
significant.  
Furthermore, business process fit and organizational culture from organization-process characteristics (OPC) 
have a strong impact on perceived ERP usefulness. It is important for organizations to adopt the business 
processes of ERP solutions. Business process reengineering plays a particular crucial role in the early stages of 
implementation; it is moderately important in the acceptance stage but tends to be less important once the 
technology reaches the maturity stage [36]. However, our research shows that the business process fit is also 
important in the maturity stage. We cannot confirm Lee et al.’s conclusion [1] that, if an organization provides 
sufficient ERP support to organizational workers for their tasks, they are more likely to enjoy their work and 
improve their performance through the usage of the ERP system. Amoako-Gyampah and Salam discovered in 
their research that ERP user training and education had a significant impact not only during the implementation 
phases, but also in operation phases (and especially in the maturity phase), when training on a continuous basis 
is required to meet the changing needs of the business and enhance employee skills [15]. Our research shows 
that ERP users do not think that they need formal or informal training. ERP communication promotes users’ 
trust of ERP systems, thereby leading to user acceptance and actual usage. ERP communication is viewed as 
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having a high impact from initiation to system acceptance, as it helps minimize possible user resistance [36]; 
however, it was not found to be significant at the routine stage. 
6. Conclusion 
Although the most important contributions of ERP systems are that they significantly reduce the time to 
complete business processes, help organizations share information [1], and lead organizations to offer a better 
work environment for their employees as by providing them a more efficient system with which to work, ERP 
systems have been plagued with high failure rates and an inability to realize promised benefits [2] in the 
maturity stage of the operational phase. One of the most important reasons seems to be that ERP users do not 
use it properly. The aim of this research was to improve the understanding of how the influence of 13 external 
factors can increase the degree of attitude of ERP users toward the ERP system. This work extended previous 
research by incorporating groups of external factors—namely, personal innovativeness, computer anxiety, self-
efficacy, and computer experience for the conceptual factor personal characteristics and information literacy 
(PCIL); data quality, system performance, user manuals, and ERP functionality for the conceptual factor 
system-technological characteristics (STC); and business processes fit, organizational culture, ERP support, 
ERP communication, and ERP training for the conceptual factor organizational-process characteristics (OPC). 
These three conceptual factors influence perceived ERP ease of use (PEOU) and perceived ERP usefulness 
(PU), which further influence attitude towards using the ERP system (AT). This study also employed structural 
equation modeling (PLS approach) to assess overall model fit to verify the causal relationships between factors. 
Studying the influence of more external factors on constructs not only contributes to the theory development, 
but also helps in designing organizations’ interventional programs. 
The implications for researchers and practitioners include an extended version of TAM through second-
order factors to improve the explanatory power of ERP usage. The new technique (PLS approach) for analysis 
of model was used. This research has the potential for practical application in the degree of ERP system usage. 
By confirming external factors, organizations should work on their organizational culture and business process 
fit, and conversely on their ERP system, to ensure better data quality, system performance, and user manuals 
for their users, thereby improving the degree of attitude towards an ERP system. 
This study has certain limitations which may present the opportunity for further research. Since the 
respondents to the survey were limited to enterprises in Slovenia, this study should be extended to other 
counties. Further research is needed to explore the importance of presented external factors in different phases 
of the ERP lifecycle as well as include additional external factors (e.g., top management support). Because ERP 
solutions are implemented by different methodologies and approaches, the importance of external factors by 
ERP solutions also could be explored. The latest research on ERP systems factor work compatibility was 
presented (see [6], [17]). The impact of external factors on work compatibility as well as the impact of work 
compatibility on TAM should be researched. 
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